The interplay of transcription factors and epigenetic modifiers, including histone modifications, DNA methylation and microRNAs during development is essential for the acquisition of specific cell fates. Here, we review the epigenetic ''programming'' of stem cells into oligodendrocytes, by analyzing three sequential stages of lineage progression. The first transition from pluripotent stem cells to neural precursors is characterized by repression of pluripotency genes and restriction of the lineage potential to the neural fate. The second transition from multipotential precursors to oligodendrocyte progenitors is associated with the progressive loss of plasticity and the repression of neuronal and astrocytic genes. The last step of differentiation of oligodendrocyte progenitors into myelin-forming cells is defined by a model of derepression of myelin genes.
Epigenetic modulation of gene expression defines cell identity One of the most exciting findings of the past few years has been the discovery that developmental processes are regulated by the crosstalk between transcription factors and epigenetic modulators of gene expression, including post-translational modifications of nucleosomal histones, changes in histone variants, chromatin remodeling enzymes, DNA methylation and microRNAs [1] [2] [3] [4] [5] [6] . Collectively, these other factors have been defined as ''epigenetic regulators'' (epi=above), because they control gene expression by regulating transcript levels, independently of changes in DNA sequence. The global effects of chromatin modifications on gene expression and the transmissibility of the information during cell division further delineate the importance of epigenetics in building a ''memory'' or ''signature'' of cell identity [7] . It has been proposed that the identity of each cell is dependent on ''heritable memory'' that is traced by epigenetic regulators and is associated with the activation of a lineage-specific program of gene expression [8] . The acquisition of this ''memory'' during development has been defined as ''epigenetic programming'' [8] . In this review, we discuss these concepts within the framework of the molecular events characterizing the transition from pluripotent stem cells to myelin-forming oligodendrocytes.
Epigenetic programming and reprogramming
The concept of differentiation was originally envisioned as unidirectional progression through sequential states, each characterized by precise ''epigenetic marks''. The discovery of enzymatic activities with the ability to ''erase'' these epigenetic marks [9, 10] , however, revolutionized the field and introduced the concept of differentiation as a ''bidirectional'' event. An original breakthrough study [11] provided the first experimental evidence that the process leading from embryonic stem cells (ESCs) to somatic cells could be reversed by overexpression of four transcription factors, including the Pou family factor Oct4, the SRY (sex determining region Y)-box 2 factor Sox2, the homeodomain protein Nanog and either the Kruppel-like factor Klf4 or c-Myc. After transfer of four of these genes, somatic cells exhibited almost indistinguishable patterns of histone modifications and DNA methylation as ESCs [12] [13] [14] . They acquired the ability to produce viable chimeric mice when injected into blastocysts [12] and were named induced pluripotent stem (iPS) cells [11] . Although it is not completely understood how these transcription factors are able to induce pluripotency, it is clear that reprogramming entails several modifications of histone marks and changes in DNA methylation. Indeed, treatment with pharmacological agents affecting histone modifications or inhibiting DNA methylation facilitates the induction of iPS cells [15] [16] [17] . Together these data suggest that the efficiency of reprogramming is dependent on histone modifications and DNA methylation.
This review introduces the epigenetic regulators of cell identity and then focuses on the steps characterizing the progression from ESCs to multipotential neural precursors to oligodendrocyte progenitors (OPCs) and from OPCs to myelinating oligodendrocytes (Box 1). Owing to space constraints we apologize to colleagues whose work could not be cited [4, 18, 19] .
Review Box 1. Outstanding questions
Oligodendrocytes are generated by a series of sequential transitions from stem cells through multipotential progenitors to oligodendrocyte progenitors that differentiate into myelin-forming oligodendrocytes. What are the main epigenetic events characterizing each of these transitions? Does oligodendrogliogenesis entail the repression of transcriptional programs of neurogenesis and astrogliogenesis? Does the functional state of myelinating oligodendrocyte coincide with the tail end of terminal differentiation? Is the differentiation process from stem cell to oligodendrocyte unior bi-directional?
